The aim of the present work is to propose a simple and reliable algorithm namely homotopy perturbation transform method (HPTM) for KdV equations in warm plasma. The homotopy perturbation transform method is a combined form of the Laplace transform method with the homotopy perturbation method. In this method, the solution is calculated in the form of a convergent series with an easily computable compact. To illustrate the simplicity and reliability of the method, several examples are provided. In this paper, the homotopy perturbation transform method has been applied to obtain the solution of the KdV, mKdV, K(2, 2) and K(3, 3) equations. We compared our solutions with the exact solutions. Results illustrate the applicability, efficiency and accuracy of HPTM to solve nonlinear equations despite needlessness to any linearization or perturbation. It is predicted that the proposed algorithm can be widely applied to other nonlinear problems in science and engineering.
Introduction
The study of nonlinear problems is very important in all the area of mathematics and physics. Most of the important phenomena of physical systems are hidden in their nonlinear behavior. These phenomena can only be studied with the appropriate methods to solve these nonlin-ear problems [1] . KdV equation is a mathematical model of waves on shallow water surfaces. It is a nonlinear, dispersive partial differential equation whose solutions can be exactly and precisely specified. The KdV equation was first introduced by Boussinesq in 1877. In 1895, the Kortweg and De-Vries develop KdV equation to model Russell's phenomena of solitons [2] such as shallow water waves with small and finite amplitudes [3] .
The KdV equation is the generic model for the study of nonlinear waves in fluid dynamics, plasma physics, elastic media and nonlinear optics. These equations have been used to explain different physical phenomena such as ion acoustic waves in collisionless plasma, magneto hydrodynamics waves in warm plasma, magnetoacoustic waves in plasma, Alfvén waves in plasma, dust acoustic waves in plasma, soliton waves in plasma, shallow-water gravity waves, internal waves in the atmosphere and ocean, waves in bubbly fluids, acoustic waves in an inharmonic crystal etc [4] . The KdV type equations have significant roles in engineering and sciences. This broad range of applicability is explained by the fact that the KdV equation describes a combined effect of the lowest-order, quadratic nonlinearity and the simplest long-wave dispersion.
Consider the following equations as:
with initial condition u (x, 0) = 6x
with initial condition u (x, 0) = x
with initial condition
Equation (1) [5] [6] [7] [8] [9] .
Solitons are the nonlinear pulse like wave that can exist in some nonlinear systems that propagate without change of its physical properties such as shape and velocity and stable against the mutual collision [10] . Eq. (1) & (2) are the fundamental equation that gives the solitary wave solutions. These solitons are generated balance between the nonlinear convection (︀ u n )︀ x and the linear dispersion u 3x in equation (1)- (5) .
Equation (6) is the fundamental equation for compactons. It was first studied by Philip Rosenau in 1993. Compactons are the special solitons with finite wavelength [11] . These compactons are generated by the delicate interaction between nonlinear convection
with the genuine nonlinear dispersion u 3x in the equation (6) . The modified KdV equation appears in fluid mechanics and is used to describe the structure of shock waves [12] . There are several methods to describe the important facts that are not described through common observations. But it is very difficult to find the analytical solutions of these physical problems when these are highly nonlinear.
In recent years, many researchers have been paid attention to study the solutions of nonlinear differential equations by using various methods. Among these are Adomian decomposition method [13] , He's semiinverse method [14] , Backlund and Darboux transformation [15] , Inverse scattering method [16] , Hirota's bilinear method [17] , Tanh method [18] , Differential transform method [19] [20] [21] , Fractional homotopy analysis transform method [22] [23] [24] , Variational iteration method [25] [26] [27] [28] [29] , Homotopy perturbation method [30] [31] [32] [33] [34] . Invariance properties of KdV equations can be determine by using Lie group analysis method [35, 36] .
He [37] [38] [39] [40] [41] [42] developed the homotopy perturbation method for solving such physical problems. This method is combination of the homotopy in topology and perturbation method. This provides us with a convenient way to obtain analytic or approximate solutions to a wide variety of problems arising in different fields of science and engineering. The Laplace transform is incapable of handling nonlinear equations because of the difficulties that are caused by the nonlinear terms. Various ways have been proposed recently to deal with these nonlinearities such as the Adomian decomposition method [43] and Laplace decomposition algorithm [44, 45] . Furthermore, homotopy perturbation method is also combined with the wellknown Laplace transformation method [46] and the variational iteration method to produce a highly effective technique for handling many nonlinear problems.
In a recent paper Khan and Wu [47] proposed the homotopy perturbation transform method (HPTM) for solving the nonlinear equations. It is worth mentioning that this method is an elegant combination of the Laplace transformation, the homotopy perturbation method and He's polynomials [48] and is mainly due to Ghorbani [49, 50] . The homotopy perturbation transform method provides the solution in a rapid convergent series which may lead to the solution in a closed form [51] . The advantage of this method is its capability of combining two powerful methods for obtaining exact solutions for nonlinear equations [52] [53] [54] . Fractional partial differential equations have been also solved by using Laplace transform [55, 56] . In this article, we apply the homotopy perturbation transform method (HPTM) for solving the nonlinear equations such as KdV, mKdV, K(2, 2) and K (3, 3) equations to show the simplicity and straight forwardness of the method.
Homotopy perturbation transform method (HPTM)
To illustrate the basic idea of this method, we consider a general nonlinear partial differential equation with the initial conditions of the form:
where D is the second order linear differential operator D = ∂ 2 ⧸︁ ∂t 2 R is the linear differential operator of less order than D, N represents the general nonlinear differential operator and g(x, t) is the source term. Taking the Laplace transform (denoted in this paper by L) on both sides of eq. (7), we get
Using the differentiation property of the Laplace transform, we have
Operating with the Laplace inverse on both sides of eq. (8) gives
where G(x, t) represents the term arising from the source term and the prescribed initial conditions. Now we apply the homotopy perturbation method
and the nonlinear term can be decomposed as
for some He's polynomials Hn (u) (see [48, 49] ) that are given by
Substituting eq. (10) and eq. (11) in eq. (9), we get
which is the coupling of the Laplace transform and the homotopy perturbation method using He's polynomials.
Comparing the coefficient of like powers of p, the following approximations are obtained.
. . .
Numerical Applications
In this section, we use homotopy perturbation transform method in solving the three models of KdV equations.
Example 3.1. Consider the following KdV equation
Applying the Laplace transform on both sides of eq. (15) subject to the initial conditions (16), we have
The inverse of Laplace transform implies that
Now, applying the homotopy perturbation method, we get
where Hn (u) are He's polynomial [48, 49] that represents the nonlinear terms. The first few components of He's polynomials, are given by
Comparing the coefficients of like powers of p, we have
. . . Therefore, the solution u (x, t) is given by
Applying the Laplace transform on both sides of eq. (24) subject to the initial conditions (25), we have
Therefore the solution u (x, t) is given by
It can be written in closed form as
Example 3.3. Consider the following K(2, 2) equation
Applying the Laplace transform on both sides of eq. (33) subject to the initial conditions (34), we have
Comparing the coefficients of like powers of p, we have
Therefore the solution u (x, t) is given by
Example 3.4. Consider the following K(2, 2) equation
Applying the Laplace transform on both sides of eq. (42) subject to the initial conditions (43), we have
Comparing the coefficients of like powers of p, we have
Example 3.5. Consider the following K(3, 3) equation
Applying the Laplace transform on both sides of eq. (51) subject to the initial conditions (52), we have
]︁ ]︂ (54) Now, applying the homotopy perturbation method, we get
4 Result and discussion the exact solution with high accuracy at the sixth-term approximation. It can also be seen that the accuracy increases as the order of approximation increases. Figure 5 shows the comparison of the exact solution with approximate solution of K(3, 3) equation for 0 ≤ t ≤ 1 and 0 ≤ x ≤ 10 with k = 0.05 for equation 3.5. From Figure 5 , it is observed that the values of the approximate solution of different grid points obtained by the homotopy perturbation transform method are close to the values of the exact solution with high accuracy at the seventh-term approximation. It can also be seen that the accuracy increases as the order of approximation increases. 
Conclusions
This paper develops an effective coupling of homotopy perturbation method and Laplace transform method for KdV equations in warm plasma. We have discussed proposed methodology for KdV, mKdV, K(2, 2) and K(3, 3) equations and studied their performance. The main advantage of this proposed method is its capability of combining two powerful methods for obtaining rapid convergent series for KdV equations in warm plasma. This method is reliable and easy to use. This method is capable of reducing the volume of the computational work as compared to the classical methods and maintaining the high accuracy of the numerical result. The fact that the HPTM solves nonlinear problems without using Adomian's polynomials is a clear advantage of this technique over the decomposition method. The HPTM may be considered as a nice refinement in existing numerical techniques and might find the wide applications. It may be concluded that the HPTM is very powerful and efficient technique in finding the exact and approximate solutions for nonlinear dif-ferential equations of many physical problems arising in sciences and engineering.
